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EP 2 077 929 B1
Description
Technical Field
[0001] This invention relates generally to gaging of bores, to be honed, and after being honed, and more particularly,
to bore gaging using a feed force sensing capability of a feed system of a honing machine, for purposes such as to

achieve improved accuracy, and making compensation for predicted tool wear for honing the compensation.

Background Of The Invention

[0002] Cloutier, et al, U.S. Patent Application Serial No. 11/596,836 entitled Honing Feed System Having Full Control
of Feed Force, Rate and Position, currently pending, and the disclosure of U.S. Provisional Application No. 60/842,321,
filed September 5, 2006.

[0003] Currently some new models of honing machines available from Sunnen Products Company are using a feed
force sensing device to improve the control and results of the honing process. This technology is described in US 7 371
149 B2 disclosing a honing feed system controlling a honing process via control of both feed force and feed position.
Verification of final bore size is obtained by a mechanical gage or an air gage. These measurement data are then fed
back to the honing machine for making adjustments to the honing process.

[0004] Essentially, according to the present invention, the type of feed system described in the above-referenced
pending patent application, and other feed systems with force sensing capability, can be used in conjunction with the
honing tool itself to produce reliable pre- and post-processing gaging of the finished bore, or hole, herein interchangeably
referred to by the term bore. Furthermore the data gathered and processed by the machine control computer during this
step can be used to make accurate compensations for abrasive wear of the honing tool.

[0005] Current bore measuring methods can be generally categorized as post-process methods and in-process meth-
ods. The in-process methods primarily consist of either a plug gage that tries to enter the bore during the process or an
air gage probe, either separate or built into the tool, measuring the bore during the process. Post-process gaging can
vary in sophistication from manually placing a bore gage in the bore to automated air gage probes that enter the bore
and take multiple readings. No known methods exist where the tool itself, lacking any dedicated measuring attachment,
is used to measure the size of the finished bore.

[0006] In the past, most honing feed systems did not have the ability to accurately measure both feed force and feed
position. Since the elements of the feed system and honing tool are not perfectly rigid and exhibit some degree of
elasticity, it is impractical to attempt to use the honing feed system as a bore measuring system unless both force and
position can be measured accurately.

[0007] One example of prior art, does combine both force and position measurement. European Patent No. EP 0 575
675 B1 uses a feed force measuring device, for determining a target end point (final encoder position) before the honing
process begins. This method uses a calibration ring (or sample workpiece) that has been made with a bore size equal
to the desired final bore size. The honing tool is expanded in the bore of this calibration ring until a certain level of force
is measured in the feed force measuring device. To minimize errors arising from tool and feed system elasticity, the last
recorded feed force of the last honing cycle is used. When this force is reached with the tool in the calibration ring, the
feed system position is recorded as the target position for the next honing cycle.

[0008] An observed shortcoming of the above-discussed disclosure of EP 0575675 B1, however, is that no post-
process measurements of the honed bore are made to verify the achievement of the desired bore size. Thus, no capability
is provided for the machine control system to gather accurate process data for purposes such as improving the accuracy
of the honing process.

[0009] Anotherobserved shortcomingin the disclosure of EP 0575675 B1, is that no difference between measurements
made under static and dynamic conditions is noted or recognized. In EP 0575675 B1, in the calibration ring, the feed
force and position are measured under static conditions, that is with no relative rotation and/or stroking of the tool and
workpiece, but, in the workpiece bore, the measurements are made under the dynamic conditions of the honing process,
i.e., the honing tool is at least rotating and there may be a relative stroking motion between the tool and the bore.
Experience has shown that forces and positions recorded under dynamic conditions will not exactly result in the same
bore measurement as when the same level of force is applied under static conditions.

[0010] Still further, in EP 0575675 B1, compensation for tool wear is made periodically, based on differences between
feed position measurements taken in the calibration ring before and after at least one workpiece has been honed, and
thus, as another shortcoming, the compensation is not applied to the immediately affected workpiece or workpieces,
but instead, to subsequently honed workpieces.

The object of the invention is to provide a method capable of making pre- and post-process measurements of bores of
honed workpieces which verify the desired bore size and allow the ability for a machine control system to gather accurate
process data for purposes including improving the accuracy of the honing process and compensation for tool wear.
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This object is achieved by a method comprising the features of claim 1. Preferred ways to carry out the method of the
invention are claimed in claims 2 to 8.

[0011] According to the invention, a capability of making measurements of bores of workpieces, both pre-and post-
process, that enables verifying bore size before honing, and allows more accurately determining honing parameters for
reaching a desired finished bore size, including amount of stock or material to be removed, and accompanying tool wear,
and the ability for the machine control system to gather accurate process data, for purposes including improving the
accuracy of the honing process, is disclosed.

[0012] According to a preferred aspect of the invention, the present invention makes all comparative bore measure-
ments, thatis, those in both the workpiece bore and the calibration ring or sample workpiece bore, under static conditions.
[0013] According to another preferred aspect of the invention, the present invention makes tool wear compensations
before the workpiece bore is honed, as a function of the amount of stock or material to be removed from the workpiece
in the honing operation.

Description of the Drawings

[0014] FIG. 1 is a simplified schematic representation of aspects of a representative honing machine for performing
steps of the method of the present invention, including a feed system, a honing tool, and a calibration ring, and showing
the honing tool disposed in position in a bore of a representative workpiece to be honed;

[0015] FIG. 2 is a simplified graphical representation of stone wear verses stock removal according to the method of
the invention;

[0016] FIG. 3 is a simplified schematic representation of aspects of a representative multiple spindle honing machine
for performing steps of the method of the present invention, including respective feed systems for the spindles, a honing
tool of each of the spindles disposed in bores of workpieces to be honed, and a calibration ring in association with one
of the honing tools;

[0017] FIG. 4 is ahigh level flow diagram illustrating steps of a preferred embodiment of a method of the invention; and
[0018] FIG. 5 is a side view, in partial section, of a representative honing machine spindle with which the invention
can be used.

Description of the Proposed Invention

[0019] Referring to Figure 1, a honing tool 1 is fixed in the spindle 2 of a honing machine (not shown), which machine
can be for instance, any of a variety of machines that provide all the usual required motions for abrasive bore finishing
processes (spindle rotation and axial reciprocation of spindle or workpiece). The honing tool contains a wedge 3 which
is driven axially by a feed system 5. (Detail of one possible embodiment of the feed system can be seen in FIG. 5,
disclosed more particularly in Cloutier, et al, Honing Feed System Having Full Control of Feed Force, Rate, and Position,
incorporated herein by reference above.) The end of the wedge bears against abrasive stones 6, thereby feeding them
into the bore of the workpiece 7.

[0020] The feed force developed in the wedge and feed system is measured by a load cell 9 which transmits an
electronic signal back to an amplifier 10 (if required). Power and signals run between the amplifier and the honing
machine computer control 12 and to a computer controlled motor drive 11. The control of these devices results in signals
that precisely control a feed motor or some other driving component of the feed system 5.

[0021] Referring also to FIG. 4, which contains a flow diagram 13 showing steps of one embodiment of the method
of the invention, when honing a group of workpieces, the first workpiece must somehow be honed to finished size or
close to finished size. This could be done by using any number of conventional initialization techniques. (One such
method is described hereinbelow, and in Cloutier, et al, Honing Feed System Having Full Control of Feed Force, Rate,
and Position, incorporated herein by reference above.)

[0022] When the honing of the first workpiece is complete the spindle and stroking motion will stop. The feed system
will then retract the abrasive stones 6. Then the feed system will move to once again expand the stones in the same
bore of workpiece 7, this time, though, expansion will be under static conditions, that is, without relative rotational and/or
reciprocating movements of the honing tool and workpiece as would be used for actual honing, wherein material or stock
is removed from the surface of the bore. The expansion will proceed at some predetermined rate until the load cell 9
senses that a predetermined or target level of force has been reached. At that point, the position of the feed system (as
determined by an encoder in the feed system) will be recorded, as a target feed system position. The predetermined
rate of expansion may be one that has been optimized for the accuracy of the position measurement that results when
the target level of force is achieved and it is not limited to a single rate or a single forward feeding motion as several
techniques may be envisioned for finding the bore in such a manner that a reliable value of position can be measured.
(See Cloutier, et al, Honing Feed System Having Full Control of Feed Force, Rate, and Position.)

[0023] The feed system then again retracts the stones and the machine moves the tool up out of the workpiece bore
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until the abrasive stones are uniformly inside the calibration ring 8. The calibration ring most likely will have a bore that
is exactly the desired finished size, although the methods described here will work with any size of ring as long as the
difference between the ring’s size and the desired finished size is included in the control system calculations. For simplicity
the calculations shown here will assume the calibration ring has been made to the exact desired finished size.

[0024] With the stones inside the calibration ring, the feed system is again expanded at the same predetermined rate
until the same predetermined target feed force is reached. At that point, the position of the feed system is again recorded.
This position measurement is compared to the measurement made in the workpiece bore and the true size of the
workpiece bore can then be calculated from the following:

Duyp = Dor + X (xXyp — XHor)

where Dy, = Diameter of workpiece bore (mm)

D., = Diameter of calibration ring (mm)

Xwp = Encoder position of workpiece measurement (counts)

. X¢r = Encoder position of calibration ring measurement (counts)

r = Combined feed system and tool ratio (mm of diametrical stone expansion per encoder count)

[0025] This information can then be used to make a bore size compensation for the honing of the next workpiece.
Also this information can be saved and/or output for purposes of Statistical Process Control.

[0026] Since this measurement step is not a required part of the honing process, it does not need to be performed on
every workpiece. The operator of the honing machine can select the frequency at which the final bore size measurement
will be taken.

Stone Wear Measurement, Prediction and Compensation

[0027] It is necessary to at least periodically measure the finished workpiece bore because the abrasive stones
continually wear down during the honing process. This stone wear, also referred to as tool wear, results in bore size
errors. Many factors affect the amount of stone or tool wear that will occur in a honing cycle, but most of those factors
are held constant throughout the process and therefore will not contribute to short term variations in stone wear. One
significant factor that often varies widely from one workpiece to the next is the amount of stock or workpiece material to
be removed from the bore (stock removal). The stone or tool wear increases as the amount of stock removal increases.
Depending on the conditions and hardness of the in-coming workpiece bores, this relationship could be a simple proportion
or it could be more complex. An example is shown in Figure 2. For most applications a linear approximation of the
relationship between stone wear and stock removal will be sufficient, however it is foreseen that more complex curve
fitting techniques could be used if a specific application presents such a sufficiently non-linear relationship between
stone wear and stock removal.

[0028] The present invention provides a method to accurately measure both stock removal and stone wear for any
given honing cycle or series of honing cycles. The process described above constitutes one set of measurements
required. Another measurement will also be required. It will be necessary to measure the initial diameter of the workpiece
bore. This will occur at the beginning of the cycle after any bore compensation from the previous cycle has been made
by the control system. The method of measurement is identical to that described above. Under static conditions the feed
system expands the stones into the workpiece bore at a predetermined rate until a predetermined force is measured by
the load cell. (This process is equivalent to the feature described as Automatic Bore Detection in Cloutier, et al, Honing
Feed System Having Full Control of Feed Force, Rate, and Position.)

[0029] After the honing cycle is complete and the final bore size measurement is taken as described above, the control
system will have recorded three measurements:

x; = initial feed system position (counts)
x; = final feed system position (counts)

X = target feed system position (counts)

By application of the combined ratio of the feed system and tool, these can equivalently be expressed as diameters:

Dy = x(xi-%0)

where D; = initial diameter (mm)
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De = x (3g~X0)

where D; = final diameter (mm)
Dg-_ = r (xt-xo)

where D, = target diameter, i.e. calibration ring (mm)

and where x, = some offset (counts) corresponding to

an encoder position where the diameter would equal zero

Stock removal, s (mm) and stone wear, w (mm) are then calculated as follows:

w = D-De = xr{xXi—x¢g)

8 = De—Dy = x(%Xeg—x;) or s =D¢ - Dy - w

A target feed position X¢nex for honing the next workpiece, and adjustment for stone wear, X;,q;, can be determined
using the equations shown at the bottom of the flow diagram of FIG. 4.

[0030] Itis understood that stone wear in many applications may be small enough that it is unnecessary to measure
the final bore size on every workpiece honed. Assume then the frequency of final bore checking to be every n workpieces.
(Note: Since the in-coming bore size can vary, the initial bore size of every workpiece must be recorded and summed
for the group of n workpieces.) For a group of n workpieces then,

2w=Dt-Dg

(measured at the last workpiece only)
s = nDeg — Bd; - Bw

If the relationship between stone wear and stock removal is assumed to be linear, then the form of that function can be
written as,

w = A + Bs

for a single workpiece, or

Iw = nA 4+ BIs

for a group of n workpieces

where A and B are unknown constants.

At least two groups will need to be measured in order to determine A and B by conventional linear regression techniques.
After they have been determined, then the relationship between stone wear and stock removal can be assumed to be
known and the above relationship can be used to calculate the expected amount of stone wear before the honing cycle
begins. That amount of stone wear can then result in an accurate bore size compensation for anticipated stone wear
applied at the beginning of the honing cycle to result in the finished bore size being very close to the target bore size
within a minimal range of error. That workpiece-specific bore size compensation will be based on the measured amount
of stock removal for that specific bore and calculated from the formula above for w.

[0031] Itis understood that the conditions of honing may change over time and the relationship of stone wear to stock
removal may also change over time. It may be desirable to continually update the constants A and B based on the most
recent groups of measurements. This is easily done, however the formulae above are based on the assumption that no
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bore size compensations are made throughout the entire run of the group being measured. If bore size compensations
are made during the run of the group (either manually or automatically as described above) then those compensations
must be summed. The formula for w above must then be replaced by:

EZw = D¢ -~ De + ZBcC

where Xc = the sum of all bore size compensations made during the run of the group

[0032] Alldiscussion and calculations above assume that bore measurements are made at a constant feed force level.
This will inherently remove any effect of tool and feed system elasticity. However a known method for removing the
effects of elasticity is described in Cloutier, et al, Honing Feed System Having Full Control of Feed Force, Rate, and
Position, so it is anticipated that the method described by this invention could in fact be accomplished at different levels
of feed force so long as the methods of this prior art are applied during the measurement process.

Multiple Spindle Honing Operations

[0033] Referring also to Figure 3, some honing machines use multiple spindles (i.e. tools) in succession to achieve
the final finished bore (e.g. a rough honing tool followed by a finer finish honing tool). For instance, here, three honing
tools 1A, 1B and 1C are used. Tools 1A, 1B and 1C are mounted in separate spindles 2A, 2B and 2C of a honing
machine which provides all the usual required motions for abrasive bore finishing processes (spindle rotation and axial
reciprocation of spindle or workpiece). The honing tools contain wedges 3A, 3B and 3C, respectively, driven axially by
a feed system 5A, 5B or 5C. (Detail of another possible embodiment of the feed system can be seen in Cloutier, et al,
Honing Feed System Having Full Control of Feed Force, Rate, and Position.) In each of the tools, the end of the wedge
bears against abrasive stones 6A, 6B or 6C, thereby feeding them into the bore of the workpiece 7.

[0034] For each of the tools, the feed force developed in the wedge and feed system is measured by a load cell 9A,
9B or 9C which transmits an electronic signal back to an amplifier 10A, 10B or 10C (if required). Power and signals run
between the amplifiers and the honing machine computer control 12 and to a computer controlled motor drive 11A, 11B
or 11C for each tool. It is not necessary to have a calibration ring 8. for each spindle 2A, 2B and 2C. It is sufficient for
only the last spindle 2C to have a calibration ring 8 or some other post process method of accurately measuring the final
bore size.

[0035] In operation, the workpiece 7C just finished by the last honing tool 1C is measured either by the method
described above (using calibration ring 8) or by some other post process method of bore gaging. Any bore size com-
pensation that is subsequently determined for that last tool is then made to that last tool. The workpiece transfer device
(not shown) then indexes presenting the next workpiece to each spindle. The workpiece now under the last spindle is
the one completed by the previous spindle. The tool enters the workpiece and under static conditions the tool is expanded
until the abrasive stones contact the bore wall. When this contact is made and feeding stops, the encoder of the feed
system can be read. Following the method previously described, this encoder reading can be mathematically converted
to a bore size for that particular workpiece. If that size varies from the target bore size for that previous tool then the
appropriate bore size compensation can be made for that previous tool using only the information obtained at the
subsequent tool (i.e. no calibration ring will be needed for the previous tool).

[0036] If more than two spindles are present, the tool prior to the tool that was just compensated can now be measured
and compensated using the same method. This can continue for any number of spindles with the sequence of compen-
sations flowing from last tool to the first tool with each tool being calibrated by means of the bore measurement made
from the tool that follows it in the honing operation but has preceded it in this calibration operation.

[0037] FIG. 5illustrates additional aspects of one possible feed system 5 with which the method of the invention can
be used. A feed motor 14 of drive 11 is connected to (or is integral with) an encoder 15. If needed to provide the desired
characteristics of output torque, output speed, and linear travel per encoder count, a gear reducer 16 may be attached
to the shaft of the feed motor 14. The gear reducer output shaft is connected to a ball screw assembly 17 by a coupling
18. The ball screw assembly 17 resists axial motion by means of ball bearing 19 held in a feed system housing 20. (The
feed system housing 20 may consist of several pieces as required for ease of manufacturing and assembly.) The ball
screw engages a ball nut 21 that is attached to a ball nut carrier 22. The ball nut carrier 22 is prevented from rotating by
a key 23 that engages a slot 24 in the feed system housing 20. Rotation of the feed motor 14 and subsequently the
output shaft of the gear reducer 16 causes the ball screw to rotate, which in turn imparts a linear motion to the ball nut
21 and its carrier 22. The key 23, in this embodiment, is integral with a retainer 25 that has a pocket to hold a round disc
26. The round disc 26 is attached to one threaded end of load cell 9. The pocket has a very small amount of clearance
with the round disc 26 for the purpose of allowing the round disc 26 to align itself, with the components below without
creating any undesirable stresses on the load cell 9. The load cell 9 is fastened to a non-rotating feed rod 27, which is
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prevented from rotating by a key 28 which also engages the previously mentioned slot 24 in the feed system housing
20. The non-rotating feed rod 27 is attached to a tube holding an arrangement of angular contact bearings 29. The
rotating races of the bearings 29 are attached to a rotating feed rod 30. The rotating feed rod 30 is splined or keyed by
some means so that it will rotate with the honing machine spindle shaft 2 and yet allows relative axial motion between
the spindle shaft 2 and the feed rod 30. The spindle shaft 2 holds the honing tool 1 which contains a wedge for expanding
abrasive honing elements 6 into the bore of the workpiece 7. The wedge is attached to the feed rod 3 and is allowed to
move axially with the feed rod 3 while the tool 1 is restrained from axial movement by its connection to the spindle shaft
2. This relative axial motion of the wedge and tool 1 creates the expanding/retracting motion of the abrasive honing
elements 6. The feed system housing 20 and the spindle shaft 2 are both connected to carriage of a honing machine
that strokes them together to generate the axial reciprocation of the honing process.

[0038] The axial force of the wedge to expand the honing elements is developed from the torque of the feed motor
and converted to a linear force by the ball screw and nut and then transmitted through the load cell to the feed rod and
wedge. The load cell therefore always senses the full axial feed force of the honing process. The load cell cable 31 is
carried through a cable carrier to an amplifier 10 (if required). Power to and signals from the load cell run through this
cable and amplifier to a processor based feed control and a servo controller of the feed drive, in connection with motor
14 and encoder 15. The control of these devices result in signals that precisely control the motion of the feed motor.
[0039] There are two basic methods of feed control. The first is feed rate control, where the control system keeps the
feed motor moving at a constant rate or controlling the rate to some programmed profile that is at least partially a function
of feed position. The second basic method of feed control is force control, where the control system keeps the feed
motor moving in @ manner such that the feed force is held constant or follows some programmed profile that is at least
partially a function of feed position.

[0040] Computer control also allows for these two basic methods to be mixed within a honing cycle, e.g. honing at a
controlled rate until some condition is met then honing at controlled force until the bore is at final size. Furthermore the
computer control allows for a high degree of flexibility in feed control programming. Parameters such as feed rate, feed
force, spindle torque, time, number of reciprocation strokes, workpiece temperature, and others can be used in real-
time control logic that adapts the controlled feed parameter or even changes the feed control method in a simple or
complex programmed manner.

[0041] It will be understood that changes in the details, materials, steps, and arrangements of parts which have been
described and illustrated to explain the invention will occur to and may be made by those skilled in the art upon a reading
of this disclosure within the scope of the invention. The foregoing description illustrates the preferred embodiment of the
invention; however, concepts, as based upon the description, may be employed in other embodiments without departing
from the scope of the invention, as defined by the appended claims.

Claims

1. A method of determining a size of a bore of a workpiece (7) honed using a honing tool assembled to a honing
machine feed system (5) capable of measuring feed forces exerted against the tool and positions of the feed system
(5) representative of feed positions of the tool, the method being characterized by comprising the steps of:

expanding the tool (1) within the bore of the workpiece (7), under static conditions, until a predetermined feed
force is reached, and measuring the position of the feed system (5);

positioning the tool (1) in a bore of known size and expanding the tool (1), under the static conditions, until the
predetermined feed force is reached, and measuring the position of the feed system (5);

determining a value representative of the size of the bore of the workpiece (7), as a function of the measured
position of the feed system (5) for the tool (1) in the bore of known size, and the measured position of the feed
system (5) for the tool (1) in the bore of the workpiece (7).

2. A method as claimed in claim 1, comprising steps prior to the honing of the bore of the workpiece (7), of:

determining a value representative of predicted stone wear for honing the bore of the workpiece (7);
determining a target position of the feed system (5) for honing the bore of the workpiece (7) to a target size, as
a function of the target size and the value representative of predicted stone wear; and

honing the bore of the workpiece (7) until the target position of the feed system (5) is reached.

3. A method as claimed in claim 2, wherein the value representative of predicted stone wear is determined as a function
of an amount of stock to be removed by the honing of the bore to the target position of the feed system (5).
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A method as claimed in claim 3, wherein the value representative of predicted stone wear is determined at least in
part, from measurements of stone wear for at least one previously honed workpiece (7).

A method as claimed in claim 1, wherein the steps of expanding the tool (1) comprise expanding the tool (1) at a
predetermined rate.

A method as claimed in claim 1, comprising an additional step of determining a feed system (5) compensation value
as a function of the measured position of the feed system (5) for the tool (1) in the bore of known size, and the
measured position of the feed system (5) for the tool (1) in the bore of the workpiece (7).

A method as claimed in claim 6, comprising a further step of determining a target position of the feed system (5) as
a function of the feed system (5) compensation value and a value representative of predicted stone wear for a
subsequent honing step.

A method as claimed in claim 6, comprising an additional step of using the feed system (5) compensation value for
determining a target position of the feed system (5) for honing the bore using another honing tool (1).

Patentanspriiche

1.

Verfahren zur Bestimmung einer GréRRe einer Bohrung eines Werkstiicks (7), das unter Verwendung eines Hon-
werkzeugs gehont wird, das an einem Honmaschinenvorschubsystem (5) montiert ist, welches in der Lage ist,
gegen das Werkzeug ausgelibte Vorschubkrafte und Positionen des Vorschubsystems (5) zu messen, die Vor-
schubpositionen des Werkzeugs entsprechen, wobei das Verfahren dadurch gekennzeichnet ist, dass es die
Schritte aufweist:

Spreizen des Werkzeugs (1) in der Bohrung des Werkstlicks (7) unter statischen Bedingungen, bis eine vor-
bestimmte Vorschubkraft erreicht ist, und Messen der Position des Vorschubsystems (5);

Positionieren des Werkzeugs (1) in einer Bohrung mit bekannter GroRe und Spreizen des Werkzeugs (1) unter
den statischen Bedingungen, bis die vorbestimmte Vorschubkraft erreicht ist, und Messen der Position des
Vorschubsystems (5);

Bestimmen eines Wertes, der der GréRRe der Bohrung des Werkstlicks (7) entspricht, als Funktion der gemes-
senen Position des Vorschubsystems (5) fir das Werkzeug (1) in der Bohrung mit bekannter GréRe und der
gemessenen Position des Vorschubsystems (5) fiir das Werkzeug (1) in der Bohrung des WerkstUcks (7).

Verfahren nach Anspruch 1, das vor dem Honen der Bohrung des Werkstiicks (7) die Schritte aufweist:

Bestimmen eines Wertes, der dem vorhergesagten Steinabrieb fiir das Honen der Bohrung des Werkstiicks
(7) entspricht;

Bestimmen einer Sollposition des Vorschubsystems (5) fiir das Honen der Bohrung des Werkstiicks (7) zu einer
SollgréRe als Funktion der SollgréRe und des Wertes, der dem vorhergesagten Steinabrieb entspricht, und
Honen der Bohrung des WerkstUcks (7), bis die Sollposition des Vorschubsystems (5) erreicht ist.

Verfahren nach Anspruch 2, bei welchem der dem vorhergesagten Steinabrieb entsprechende Wert als Funktion
einer Materialmenge bestimmt wird, die durch das Honen der Bohrung zur Sollposition des Vorschubsystems (5)
entfernt werden soll.

Verfahren nach Anspruch 3, bei welchem der dem vorhergesagten Steinabrieb entsprechende Wert zumindest
teilweise aus Messungen des Steinabriebs fiir wenigstens ein vorher gehontes Werkstiick (7) bestimmt wird.

Verfahren nach Anspruch 1, bei welchem die Schritte des Spreizens des Werkzeugs (1) ein Spreizen des Werkzeugs
(1) mit einer vorbestimmten Geschwindigkeit aufweisen.

Verfahren nach Anspruch 1, welches einen zusatzlichen Schritt des Bestimmens eines Kompensationswerts fir
das Vorschubsystem (5) als Funktion der gemessenen Position des Vorschubsystems (5) fir das Werkzeug (1) in
der Bohrung mit bekannter Grofte und der gemessenen Position des Vorschubsystems (5) fiir das Werkzeug (1)
in der Bohrung des Werkstiicks (7) aufweist.
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7. Verfahren nach Anspruch 6, welches einen weiteren Schritt des Bestimmens einer Sollposition des Vorschubsystems
(5) als Funktion des Kompensationswerts fir das Vorschubsystem (5) und eines dem vorhergesagten Steinabrieb
fur einen darauf folgenden Honschritt entsprechenden Wertes aufweist.

8. Verfahren nach Anspruch 6, welches einen zusatzlichen Schritt der Verwendung des Kompensationswerts fir das
Vorschubsystem (5) zur Bestimmung einer Sollposition des Vorschubsystems (5) fiir das Honen der Bohrung unter
Verwendung eines anderen Honwerkzeugs (1) aufweist.

Revendications

1. Procédé de détermination d’une taille d’un alésage d’une piéce (7) rodée en utilisant un outil de rodage assemblé
sur un systéme d’alimentation (5) de machine a roder apte a mesurer des forces d’alimentation exercées contre
I'outil et des positions du systéme d’alimentation (5) représentatives de positions d’alimentation de I'outil, le procédé
étant caractérisé en ce qu’il comprend les étapes de :

extension de 'outil (1) a I'intérieur de I'alésage de la piéce (7), sous des conditions statiques, jusqu’a ce qu’'une
force d’alimentation prédéterminée soit atteinte, et mesure de la position du systéme d’alimentation (5) ;
positionnement de 'outil (1) dans un alésage de taille connue et extension de l'outil (1), sous des conditions
statiques, jusqu’a ce que la force d’alimentation prédéterminée soit atteinte, et mesure de la position du systéme
d’alimentation (5) ;

détermination d’'une valeur représentative de la taille de I'alésage de la piéce (7), comme une fonction de la
position mesurée du systéme d’alimentation (5) pour I'outil (1) dans I'alésage de taille connue, et de la position
mesurée du systéme d’alimentation (5) pour l'outil (1) dans I'alésage de la piéce (7).

2. Procédé selon la revendication 1, comprenant des étapes antérieures au rodage de 'alésage de la piéce (7), de :

détermination d’une valeur représentative d’'une usure prédite de pierre pour roder I'alésage de la piéce (7) ;
détermination d’une position cible du systéme d’alimentation (5) pour roder I'alésage de la piéce (7) a une taille
cible, comme une fonction de la taille cible et de la valeur représentative d’une usure prédite de pierre ; et
rodage de l'alésage de la piéce (7) jusqu’a ce que la position cible du systeme d’alimentation (5) soit atteinte.

3. Procédé selon la revendication 2, dans lequel la valeur représentative d’'une usure prédite de pierre est déterminée
comme une fonction d’'une quantité de matiére devant étre enlevée par le rodage de I'alésage jusqu’a la position
cible du systéme d’alimentation (5).

4. Procédé selon la revendication 3, dans lequel la valeur représentative d’'une usure prédite de pierre est déterminée
au moins en partie a partir de mesures d’'usure de pierre pour au moins une piéce (7) précédemment rodée.

5. Procédé selon la revendication 1, dans lequel les étapes d’extension de I'outil (1) comprennent I'extension de I'outil
(1) a une vitesse prédéterminée.

6. Procédé selon la revendication 1, comprenant une étape additionnelle de détermination d’une valeur de compen-
sation de systéme d’alimentation (5) comme une fonction de la position mesurée du systéme d’alimentation (5) pour
I'outil (1) dans 'alésage de taille connue, et de la position mesurée du systéme d’alimentation (5) pour l'outil (1)
dans l'alésage de la piéce (7).

7. Procédé selon la revendication 6, comprenant une étape supplémentaire de détermination d’une position cible du
systéme d’'alimentation (5) comme une fonction de la valeur de compensation de systéme d’alimentation (5) et d’'une
valeur représentative d’'une usure prédite de pierre pour une étape subséquente de rodage.

8. Procédé selon la revendication 6, comprenant une étape additionnelle d'utilisation de la valeur de compensation
de systéme d’alimentation (5) pour déterminer une position cible du systéme d’alimentation (5) pour roder I'alésage
en utilisant un autre outil de rodage (1).
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Estimate target feed system position (x,) by conventional initialization technique.

¥

With tool in workpiece bore, expand feed system until target feed force is achieved.

T

Read initial feed system position (x;).

-

Hone workpiece bore until target feed system position (x,) is reached.

v

With toolt still in workpiece bore, expand feed
system until target feed force is achieved.

v

Read final feed system position (Xwp)

v

Move tool into calibration ring bore.

T

With tool in calibration ring bore, expand feed
system until target feed force is achieved.

Y

Read feed system position (Xc)

T

Calculate workpiece bore size:
pr = Dcf + I (xwp'xcr’

v

Save or output workpiece bore size for Statistical Process Control. (optional)

T

Move tool into next workpiece bore.
i
With tool in workplece bore, expand feed
system until target feed force is achieved.

y

Read initial feed system position (x;)

v

Calculate feed system target position for next cycle:
Xenoxt = Xy + (Der-Dup)ir

.

Adjust feed system target position for

predicted stone wear:
Xiaq) = Xmoxt + Alr + (BIF)(Xtnox=X))

Fig. ¢
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